Bone implant infection constitutes a major sanitary concern which is associated to high morbidity and health costs. This manuscript focused on overviewing the main research efforts committed up to date to develop innovative alternatives to conventional treatments, such as those with antibiotics. These strategies mainly rely on chemical modifications of the surface of biomaterials, such as providing it of zwitterionic nature, and tailoring the nanostructure surface of metal implants. These surface modifications have successfully allowed inhibition of bacterial adhesion, which is the first step to implant infection, and preventing long-term biofilm formation compared to pristine materials. These strategies could be easily applied to provide three-dimensional (3D) scaffolds based on bioceramics and metals, of which its manufacture using rapid prototyping techniques was reviewed. This opens the gates for the design and development of advanced 3D scaffolds for bone tissue engineering to prevent bone implant infections. Keywords: Antibacterial adhesion, biofilm formation, zwitterionic surfaces, nanostructured surfaces, rapid prototyping 3D scaffolds, bone tissue engineering. 
Introduction
he infection risk of bone implants is a major clinical concern that could lead to implant failure and subsequent serious postoperative complications of surgical procedures with high morbidity and costs to the national healthcare systems. Bone implant infections are usually caused by bacterial attachment and colonization on the implant surface [1] .
Bacterial adhesion and subsequent growth usually results in slime enclosed biofilm formation on the implant surface [2, 3] . In fact, it has been estimated that 65-80% of bacterial infections treated by clinicians in the developed world are caused by organisms growing on biofilms [4] . A biofilm is a microbial-derived sessile community consisting of prokaryotic cells permanently attached to a substratum one to each other, embedded in a matrix of extracellular polymeric substances that it had produced [2] . Bacteria forming biofilms are resistant to host defenses and conventional antibacterial therapies such as vaccines and antibiotics that are effective to eliminate infections caused by planktonic bacteria [5] . Therefore, the initial bacterial adhesion to the biomaterial surface becomes critical in infection pathogenesis.
Of late, new approaches have been proposed to control and prevent bacterial contamination of implants. One strategy consisted of tailoring the antibacterial properties of the implant surface. Thus, different surface modifications and coating techniques have been proposed, such as direct impregnation with antibiotics, immobilization of bactericidal agents or coating with antimicrobial active metals such as copper and silver, nitric oxide-releasing materials, and TiO 2 films [6] . Nonetheless, whatever antimicrobial strategies used, implants must fulfill the non-fouling requirements or biomacromolecules and dead microorganisms would easily accumulate on the implant surface and hinder the antimicrobial activity of its functional groups [7] . For this reason, great research efforts have been devoted to develop new strategies to modify the surface of biomaterials to provide antibacterial adhesion capability. With the aim of hampering the attachment of microorganism onto surfaces, a widely investigated method consisted of grafting surfaces with hydrophilic polymers, and highlighting polyethylene glycol (PEG) derivatives. Steric repulsion caused by a water hydration layer formed via hydrogen bonding has often been proposed to explain the resistance of hydrophilic surfaces to protein and bacterial adhesion [8, 9] . A major concern that limits biological applications of PEG is that this polyether autoxidizes relatively quickly [10] , which made PEG coatings having restricted attainment in preventing long-term biofilm formation.
Recently, zwitterionization of biomaterials has emerged as a groundbreaking strategy to confer surfaces of high resistance to nonspecific protein adsorption, bacterial adhesion and/or biofilm formation [9] . Zwitterions are characterized by owning an equal number of both positively and negatively charged groups within a molecule hence maintaining overall electrical neutrality. The non-fouling ability of zwitterionic materials, as in the case of hydrophilic materials, is correlated with a hydration layer on the surface, since a closely bound water layer forms a physical and energetic barrier to avoid bacterial adhesion. Since zwitterionic materials contain both positive and negative charged units, it can bind water molecules even more strongly than hydrophilic materials via electrostatically induced hydration, becoming an important part in affording interfacial bioadhesion resistance [9, 11] . On the other hand, it has been demonstrated that surface nanotopography and architecture plays an essential role in bacterial attachment and biofilm formation [12] [13] [14] [15] . In fact, Campoccia et al. [16] indicated that the use of nanostructured surfaces with inhibited bacterial adhesion could represent a challenging alternative to antibiotics [17] [18] [19] . Varied surface modification techniques have been widely used in the fabrication of artificial antibacterial surfaces [20] [21] [22] . These surfaces comprised a range of nanotubes and nanoparticlebased surfaces, and nanostructured coatings produced by glancing angle deposition technique by magnetron sputtering (MS-GLAD) [23, 24] .
The potential of these antibacterial strategies into the bone tissue engineering (BTE) landscape would be essential in manufacturing advanced three-dimensional (3D) scaffolds. The different techniques used in the manufacturing of scaffolds must permit an accurate control of different length scales from nano, micro to macro [25] , attending to clinical needs. 3D scaffolds for BTE must fulfill the following requirements [26] : (i) highly interconnected pore networks to allow cell growth, nutrients supply and metabolic waste; (ii) both biocompatible and bioresorbable behavior with tunable degradation and resorption rates to ensure tissue replacement; (iii) appropriate surface chemistry for selective cell attachment, proliferation, and differentiation; and (iv) mechanical properties similar to those of the tissues at the implantation site [26, 27] . This review begins with a description of the different recent surface modification strategies aimed at inhibiting bacterial adhesion. Among the diverse approaches, we centered on the chemical modification of biomaterials via zwitterionization, and the modification of metal implants by tailoring its surface nanotopography. In addition, this review focused on the potential application of these antibacterial strategies in BTE. To this aim, the more sophisticated techniques for the fabrication of 3D scaffolds are overviewed.
Bone Implant Infections
In this section we overviewed the recent advances developed to date concerning the design and development of zwitterionic surfaces and nanostructured coatings to inhibit bacterial adhesion and biofilm formation onto implantable biomaterials.
Zwitterionization of Biomaterials
Zwitterionic materials are very promising next-generation biomaterials with a wide variety of potential biomedical applications. Herein, we summarized the methods reported to date to provide metal substrates and bioceramics of zwitterionic nature aimed at designing bacterial anti-adhesive biomaterials.
(1) Zwitterionization of metal substrates Zwiterionic polymers such poly(sulfobetaine methacrylate) (pSBMA) and poly(carboxybetaine methacrylate) (pCBMA), possessing mixed positively and negatively charged functional groups within the same polymer chain and total neutral charge, exhibit ultralow fouling capabilities, able to inhibit nonspecific protein adsorption, bacterial adhesion and biofilm formation [28] [29] [30] [31] [32] . The most widely used method to graft zwitterionic polymers to surfaces is the surface-initiated atom transfer radical polymerization (SI-ATRP) [33] . Among zwitterionic polymers, pSBMA has been grafted to different substrates such as gold [33] , glass [34] and poly(tetrafluoroethylene) membranes [35] to attain unfouling surfaces.
Recently, an improved strategy for surface zwitterionization of metallic surfaces, such as commercial pure titanium (pTi) [36] and biomedical grade 316L type stainless steel (SUS 316L) [37] , by SI-ATRP of pSBMA has been reported ( Figure 1A ). Zwitterionization can be divided into four stages [8, 9] : (i) treating of the bare metal with ultraviolet (UV) light; (ii) immobilization of either dopamine (D) or an organosilane (Si); (iii) grafting of the initiator, 2-bromoisobutyl bromide (BiBB); and (iv) polymerization of SBMA monomers from the BiBB-tethered surface via ATRP. In vitro bacterial adhesion assays were tested using two of the most commonly seen clinical bacteria, E. coli and S. epidermidis. Bacterial adhesion tests on pTi surfaces indicated that bare metal surface was fully covered by E. coli and S. epidermidis after 24 hours of assay [36] . However, very few bacteria were attached to SI-ATRP-treated surfaces, reduced to ca. 95% relative to uncoated pTi surfaces. This opened up promising expectations in the field of metallic implants.
(2) Zwitterionization of bioceramics Bioceramics are excellent candidates to manufacture bone-like scaffolds [38, 39] . It can be designed to release biologically active molecules to repair, maintain, restore or improve bone functions. Different strategies have been developed to provide bioceramics of zwitterionic nature aimed at inhibiting bacterial adhesion and preventing bone implant infections. In this case, inhibition of bacterial colonization must be compatible with adhesion of bone-forming cells to allow osseointegration, which is an essential requisite to warrant a successful implant performance.
Among bioceramics, silica-based ordered mesoporous materials have been broadly proposed for bone tissue regeneration [39] [40] [41] [42] . These materials display high surface areas and pore volumes, tailored and narrow pore size distributions, and functionalizable surfaces. These characteristics allow these materials to act as host matrices for a wide range of therapeutic molecules, such as drugs, peptides and small proteins, to be subsequently released in a sustained fashion at the implantation site [43] . Providing the surface of mesoporous matrices of zwitterionic nature to inhibit bacterial adhesion would constitute and add value for the biomedical application of these materials. Thus, the synthesis of zwitterionic SBA-15 type mesoporous material bearing -NH 3 ⊕ /-COO Θ groups has been reported ( Figure 1B ) [44] . This material was synthesized by the co-condensation method using 3-aminopropyltriethoxysilane (APTES) and carboxyethyl silanetriol sodium salt (CES) silanes as -NH 3 ⊕ and -COO Θ sources respectively, during the synthesis of SBA-15. The zwitterionic nature of this material in aqueous medium was conserved at pH values around 5.5, as confirmed by determining its isoelectric point by ζ potential measurements. The capability of these materials to inhibit bacterial adhesion was in vitro evaluated by simulating severe inflammation/infection conditions, which are usually associated to a decrease in normal pH values [45] . In vitro bacterial adhesion assays using E. coli indicated that bacterial adhesion in zwitterionic SBA-15 was reduced to ca. 93% relative to that for pure silica SBA-15. Moreover, in vitro tests with cultured human Saos-2 osteoblasts were performed to investigate the biocompatibility of zwitterionic materials at 7.4, i.e., once normal physiological pH conditions have recovered. The results demonstrated that zwitterionic SBA-15 exhibited good biocompatibility with Saos-2 osteoblasts adhering, proliferating and maintaining its morphological and functional characteristics [45] . Recently, the design and synthesis of a new zwitterionic SBA-15 type bioceramic with dual antibacterial ability has been reported [46] . Its non-fouling capability was derived from the inherent zwitterionic nature of the surface, while the bactericidal capability resulted from its capability to host antibiotics into the mesopores. In this case, zwitterionic SBA-15 mesoporous material was synthetized by using an alkoxysilane bearing primary and secondary amine groups (N-(2-aminoethyl)-3-aminopropyl-trimethoxysilane) (DAMO) based on the co-condensation route. The zwitterionic nature of SBA-15 comes from the -NH 3 ⊕ /-SiO Θ and <NH 2 ⊕ /-SiO Θ zwitterionic pairs present on the material surface ( Figure 1B) . In vitro adhesion test with S. aureus revealed that this zwitterionic bioceramic was capable of decreasing relative bacterial adhesion from 100% (corresponding to pure silica SBA-15) to values lower than 0.1%. This was the first time that such a huge bacterial inhibition capability was found for a mesoporous bioceramic at a physiological pH of 7.4. Moreover, in vitro loading and release assays using cephalexin as a model antibiotic demonstrated that zwitterionic SBA-15 can host drugs into its mesopores, releasing it in more than 15 days. This finding unlocks outstanding insights into the design of new bone implants able to play a dual role to treat infections. The zwitterionic nature allowed inhibiting bacterial adhesion, i.e., the first stage of implant infection, whereas release of antibiotics would help eliminate planktonic bacteria in the implant surroundings.
The above-mentioned results opened up promising expectations in the management and prevention of bone implant infections. However, the great scientific challenge is providing bioceramics currently in clini-cal use with anti-bacterial adhesion properties while preserving its biocompatibility. Nanocrystalline hydroxyapatite (HA) is a calcium phosphate-based bioceramic widely used in dental and orthopedic reconstructive medicine owing to its biocompatibility, bioactivity and osteoconductivity [47] . Although the inherent brittleness of HA limits its use in the restoration of large bone defects, its applications include dental implants, periodontal treatment, alveolar ridge reconstruction and augmentation, orthopedics, maxillofacial surgery, and otolaryngology [47, 48] . Thus, HA is commercially available in several physical forms, including powders, particles, granules, dense blocks, selfsetting cements, porous 3D scaffolds, implant coatings and composite components. The possibility to provide HA of anti-bacterial adhesion capability would be an added value. The research group of Prof. Vallet-Regí reported the preparation of stoichiometric HA, Ca 10 (PO 4 ) 6 (OH) 2 , exhibiting zwitterionic surface capable of inhibiting bacterial adhesion while allowing osteoblast colonization [49] . APTES and CES organosilanes were used to functionalize the surface of HA with -NH 3 ⊕ and -COO Θ groups, respectively ( Figure 1B) . In a first approach, the functionalization process was optimized in HA powders prepared using the controlled crystallization method. Then, the validity of this functionalization method for application in HA substrates shaped in several forms was assessed. For this purpose, HA 3D scaffolds were fabricated by RP technique (see Section 3.1 for further description of this technique) and the resulting 3D-HA scaffolds were functionalized using APTES and CES. In vitro bacterial adhesion using E. coli under physiological conditions proved that bacterial adhesion in zwitterionic powder HA and 3D-HA decreased 92% and 99% respectively with respect to unmodified HA materials ( Figure 2A ). The presence of -NH 3 ⊕ /-COO Θ zwitterionic pairs onto HA surface accounts for its bacterial anti-adhesive properties. To evaluate the biocompatibility of these HA surfaces, in vitro assays were performed using HOS cell cultures. Thus, zwitterionic and pristine HA samples, both as powder and 3D scaffolds were used to carry out the in vitro tests. Osteoblastic like-cell spreading was observed in all samples. High magnification scanning electron microscopy (SEM) micrographs showed viable and well-spread cells, which preserved the typical osteoblast morphology ( Figure 2B ). Regarding cell morphology, there were no differences between zwitterionic and bare HA samples. Moreover, HA-3D scaffolds exhibited different scales of porosity, i.e., channels of ca. 800 µm and macropores at 0.01-600 µm range, allowing good cellular internalization with adequate cell anchorage and cell colonization over the entire surface of the scaffolds.
Development of Nanostructured Surfaces
Albeit a well-established application of nanotechnology in electronic and optical engineering, the use of nanostructured materials in medicine and biology is still at its infancy. In this sense, it had demonstrated the major role of surface nanotopography in bacterial adhesion and biofilm formation [15] [16] [17] 50] . Different studies using modeled nanostructured surfaces have demonstrated the influence of the nanostructure in the inhibition of bacterial adhesion [18, 51, 52] . Nature constitutes an unexhausted font of inspiration for scientists and engineers, particularly in biomimetics [13] . Several natural surfaces are able to maintain a contaminant-free status despite the innate abundance of contaminants in the surroundings [53] [54] [55] [56] [57] . Most of these surfaces owe its non-fouling characteristics to its superhydrophobic properties, which in turn are largely due to its nanotopography. Many animals (e.g., the wing of cicadae [13] , mosquitos [58] , etc.) and plants (e.g., lotus (Nelumbo nucifera [59] )) possess a hierarchical surface with nanotopologic characteristics that significantly increase its hydrophobicity, often to the point of becoming superhydrophobic [60] , and repellent to microorganism adhesion. Its antibacterial effects are exclusively due to surface nanostructure and not to surface chemical effect. Several surface modification techniques have been widely used in the construction of artificial antibacterial surfaces based in nanostructured surfaces [22] . These surfaces comprised a range of polymers, nanotubes and nanoparticle-based surfaces in nanoscale, exhibiting bactericidal or anti-biofouling effect.
It should be highlighted that the development of surfaces with simultaneous opposite responses toward osteoblasts and bacterial proliferation would represent a significant achievement in orthopedic implantology [50] . However, there have been very few studies analyzing surfaces that fulfill both conditions [61, 62] . The idea of tailoring surfaces with customized and selective responses toward specific cell types (eukaryotic and prokaryotic cells) should be mandatory in the design of biomaterials for TE purposes [63] . In this sense, the key role of surface nanotopography in the stimulation of osteoblast-like cells while reducing bacterial adhesion and proliferation can be explained by a mathematical model [63] . Recently, MS-GLAD has been used to produce nanostructured coatings in pure titanium and Ti6Al4V alloy implants [24] . MSGLAD is a powerful technique for producing nanostructured coatings in large areas and with a great variety of morphologies [64] . It is based on exploiting atomic shadowing effects during physical vapor deposition under high vacuum conditions. In this sense, the main processes responsible for the formation of the nanostructures are the atomic self-shadowing mechanism at the surface and the collisional processes of the sputtered atoms in the plasma phase, mediated by the tilt angle of the substrate and the value of the argon background pressure [65] . Figure 3A indicated SEM micrographs corresponding to Ti6Al4V substrates before and after (Nano-Ti6Al4V) MSGLAD processing, displaying different topological surface features. Nano-Ti6Al4V substrate appeared fully coated, with patterns at the nanoscale consisting of almost vertically aligned nanocolumns with lengths between 250 and 350 nm with a diameter between 40 and 60 nm, separated (from center to center) by 100-200 nm. This nanostructure is very similar to the nanostructure of cicada wings as previously reported [13] . Moreover, this kind of dense, highly packed nanotopography, together with the separation between nanofeatures can lead to a significant Images collected by confocal fluorescence microscopy after 1.5, 6 and 24 hours of culture with S. aureus on Ti6Al4V and Nano-Ti6Al4V surfaces. Ti6Al4V showed initial bacterial adherence and the subsequent development of a biofilm (6 and 24 hours, arrows). No biofilms were observed in the modified material Nano-Ti6Al4V, and only cells and small conglomerates can be seen. Confocal 3D reconstruction of the Ti6Al4V surface after 48 hours. Extracellular matrix (blue stain) was only observed in Ti6Al4V substrate, on the contrary only live individual bacterial cells was detected on Nano-Ti6Al4V surfaces, with no biofilm formation. (C) Osteoblast adhesion after 24 hours on a Ti6Al4V substrate and a Nano-Ti6Al4V sample showing similar behavior. decrease in wettability due to a ''lotus leaf effect'' on the material surface [56] . To estimate the wettability of the different surface samples, contact angles measurements were measured. The contact angle for the initial Ti6Al4V substrate was 56º whilst that of the Nano-Ti6Al4V was 102º showing a drastic increase in the hydrophobicity for the nanostructured surfaces. The antibacterial effect of the Nano-Ti6Al4V surfaces was evaluated by means of bacterial adhesion experiments and compared with those on medical grade Ti6Al4V substrates. Different S. aureus strains from a collection strain and six clinical strains isolated from different patients were used. Results showed that Nano-Ti6Al4V exhibited a notable decrease in S. aureus adhesion for both the collection and clinical strains (around 70%) with respect to the untreated Ti6Al4V surfaces.
Concerning biofilm formation, confocal microscopy was used to characterize sequential biofilm formation after different periods ( Figure 3B ). The presence of a few scattered bacteria on the Nano-Ti6Al4V surface was noted, as well as the absence of biofilm after 24 hours of incubation. Additional confocal microscopy experiments were performed using calcofluor fluorescent stains to stain the extracellular matrix of biofilms after 48 hours ( Figure 3B ). The confocal 3D images corresponding to biofilm formation demonstrated that non-coated Ti6Al4V substrates clearly show biofilm formation from the blue staining of typical extracellular matrix covering the bacterial colonies. In contrast, blue staining was absent in Nano-Ti6Al4V.
In vitro biocompatibility was assessed by culturing the HOS cell line on the Nano-Ti6Al4V. Results have indicated similar behavior regarding the initial osteoblast adhesion and mitochondrial activity between both surfaces, indicating a good biocompatibility. SEM micrographs after 1 day of culture confirmed that Nano-Ti6Al4V behaved as well as pristine Ti6Al4V with respect to human osteoblasts ( Figure 3C ). The surfaces in both cases appeared fully covered by cells, exhibiting good adhesion, proliferation and degree of extension. Higher magnification images showed the anchoring elements spread by the cells.
Scaffolds for Bone Tissue Engineering
The application of the above-mentioned antibacterial strategies to implants manufactured as 3D scaffolds would represent a step forward in bone tissue engineering (BTE).
Since the emergence of TE in the mid-1980s, a wide variety of shaping methodologies for manufacturing 3D porous scaffolds have been developed. There are many manufacturing methods ranging from the more conventional ones, which lead to randomly interconnected porous scaffolds and that which are principally based on the incorporation of porogen particles [66] , use of foam replica technique [67] , gel-casting of foams [68] , cold isostatic pressing [69] , deproteinization of bovine bone [70] , particulate leaching [71] , freeze-drying [72] , gas foaming [73] , and a combination of the methods [74] ; to more sophisticated technologies based on solid free form (SFF) fabrication such as rapid prototyping (RP). RP techniques allowed accurate control in the macro-microporosity scales and fabricating custom-made implants, which allowed the fabrication of scaffolds both of bioceramic and metallic nature [75] . These techniques constituted a general strategy in which 3D parts are printed layer-by-layer based on a computer-aided-design (CAD) to fabricate 3D interconnected porous scaffolds at a large scale [76, 77] . Thus, the scaffold architecture can be adjusted and optimized to attain the adequate mechanical response, accelerate bone regeneration process, and guide bone formation with the anatomic cortical-trabecular structure [78] . Several RP techniques have been used for scaffolds preparation, such as robocasting (RC), selective laser sintering (SLS), selective laser melting (SLM), stereolithography (SLA) [79] [80] [81] [82] , 3D printing (3DP) [83] [84] [85] and fused deposition modeling (FDM) [86, 87] . Herein we reviewed the two main RP techniques, namely robocasting (RC) and selective laser based techniques as SLS and SLM, used for the manufacture of bioceramic and metallic scaffolds by itself or in combination with polymers.
Robocasting (RC)
RC technology also known as direct-printing assembly, is distinctive among these processes because it allowed the building of ceramic scaffolds using waterbased inks with minimal organic content (<1wt.%) [88] . Slurries developed from RC must fulfill two important criteria [89] . Firstly, its viscoelastic properties must allow it to flow through a deposition nozzle and then "set" instantaneously so that its shape is preserved as additional layers are deposited or when it span gaps in the underlying structure. Secondly, the suspension must have a high solid volume concentration to reduce shrinkage [90] . The stability of these slurries demands high dispersive forces between particles, where the role of the dispersant is critical [90, 91] . The resulting scaffolds display a high percent of porosity and interconnectivity, easily controllable with enhanced mechanical properties in comparison to conventional scaffold processing ( Figure 4A ) [92] . Thus, 3D scaffolds based on composites (ceramic-polymer) such as silicon doped hydroxyapatite (SiHA), and mesoporous bioactive glass such as ceramic and polycaprolactone (PCL) and gelatin as polymers have been carried out [93] [94] [95] [96] [97] . One of the advantages of RC is the possibility to integrate nanostructural features into micro-macrostructure matrices to fine-tune cellular responses. Thus, the use of sol-gel process combined with RC technique, where the sol can be directly printed before gelation in a one-pot procedure, permits the design of hierarchical 3D meso-macroporous [98] . Hence, the versatility of RC allowed the addition of biodegradable polymers into the slurries avoiding high temperature processing and improving its mechanical properties. This feature permits incorporating biologically active molecules, such as therapeutic drugs and osteoinductive agents, during the manufacture of the scaffold. Thus, 3D scaffolds based in demineralized bone matrix (DBM) containing nanocrystalline silicon doped hydroxyapatite (HA) and PCL have been fabricated [99] .
Selective Laser Based Techniques
Among the most used laser-assisted additive manufacturing are the SLS and SLM techniques [100] . These techniques involved selective use of a laser to build up a model layer by layer from a fine powder bed ( Figure  4B ). The fine powder particles adhere and sinter when illuminated by a laser beam. Each layer is scanned according to its corresponding cross-section as calculated from the CAD model. The immediate advantage offered by these techniques is that there is no requirement of support structures, since the un-sintered powder provides support during the build and leads to the possibility of obtaining polymeric, ceramic and metallic based-scaffolds [101] [102] . Usually, ceramic and polymeric 3D scaffolds are manufactured by the SLS technique, which permits fabricating complex geometries with controllable internal architecture such as those required for BTE applications [47, 85, 103, 104] . In vivo evaluations revealed that the 3D ceramic scaffolds were biocompatible and that the macropores were filled by mineralization. For instance, porous calcium phosphate ceramic scaffolds have been fabricated using different weight ratios of tricalcium phosphate (TCP)/HA via SLS. Rapid heating and cooling of SLS were used, which reduced the decomposition of HA due to shorter exposure at high temperature [105] . SLM, which emerged to alleviate some of the issues associated to SLS technique, uses a high-energy laser beam to directly fuse the high-temperature metallic powder layers consecutively deposited as ultrathin 2D cross-sections. In this sense, SLM has been proven to be beneficial for the manufacture of bone tissue engineering metallic scaffolds and implants by producing very fine and porous structures with mechanical properties similar to those of bulk materials [100, 106] .
Conclusion
Recent scientific advances have permitted the development of novel alternatives to antibiotics treatment for the management and prevention of bone implant infections. The fine tuning of chemical and nanostructural properties of biomaterial surfaces permits providing bioceramic and metallic substrates antibacterial properties by notably reducing bacterial adhesion and biofilm formation compared to bare substrates. The application of these approaches to 3D scaffolds augur promising opportunities in the field of bone tissue engineering.
